Hospital because of a large tumour shadow and an accumulation of pleural fluid in the right lung field. The haemoglobin concentration was 12-0 g/dl; the WBC count was 64,400/mm3 with 9000 mature neutrophils, 2-5% eosinophils, 200% monocytes and 5.500 lymphocytes, and the platelet count was 152,000/mm3. Accepte(d 23 January 1980 The neutrophil alkaline phosphatase score was 484 (Tomonaga's method; the full score is 500 and the normal range 170-350). Marrow aspiration from the sternunm revealed hypercellularity with a marked myeloid hyperplasia. Philadelphia chromosome was absent and bacteriological examinations of the blood, urine and sputum always produced negative results. Histological examination of the tumour obtained at thoracotomy revealed poorly differentiated squamous-cell carcinoma. After the operation, the patient was treated by combination chemotherapy with adriamycin, vincristine, methotrexate and cyclophosphamide, producing a decrease in the neutrophil count. The patient died of cardiac failure 10 days after the thoracotomy.
CSA in the patient's serum, the tumour extract and the tumour-cell-conditioned medium was assayed using human marrow cells obtained from healthy volunteers. The assay was performed using both untreated cells and phagocyte-depleted cells as the target. To prepare the phagocytedepleted cells, carbonyl iron (GAF Co., New York) was added to aliquots of cell suspension. After incubating at 37°C for 30 min iron and iron-laden cells were attracted to the bottom of the tubes by the use of a magnet (4,500 gauss). The remaining cells were referred to as phago- These marrow cells were cultured in 10 ml of single-layer soft agar medium (Robinson et al., 1967) containing 10% (0.1 ml) of the test samples. After incubation for 7 days, colonies containing 40 or more cells and clusters containing 8-39 cells were counted under an inverted microscope. Morphological examination of the colonies was by the method previously described by us (Kubota et al., 1980) . As a positive control for CSA, human placental conditioned medium (HPCM) (Burgess et al., 1977) was used.
Serum samples were dialysed against distilled water for 3 days at 4°C and centrifuged at 10,000 g for 15 min at 4°C. The supernatant was filtered through a 0 45,tm Millipore filter before use. Tumour tissue obtained from the patient during the operation was homogenized after adding an equal weight of 0-IM Tris-HCIl buffer (pH 7.0). The tumour homogenate was dialysed and was centrifuged at 10,000 g for 15 min at 4°C. The supernatant was sterilized in the same manner as described for serum. Fifty mg of tumour tissue was cut into small pieces, -1 mm3, and incubated in a culture flask containing 20 ml of McCoy's 5A medium for 3 days. The medium was collected and the supernatant of the centrifugation was used for CSA determination. Tumour tissue from a hepatoblastoma, which has been maintained by serial transplantations in the nude mice, served as a control. This tumour originated from a 1-year-old boy showing no leucocytosis. The extract and the conditioned medium of this tumour was prepared in the same manner as described above.
As summarized in Table I , the number of colonies significantly increased on the addition of 1000 of patient serum to the culture of untreated cells. The degree of stimulation of CFU-C by the patient serum was similar to that by HPCM (Table I) . However, when the phagocytedepleted marrow cells were cultured with the serum of the patient or normal volunteers, no colonies were formed (Table I) although there was a significant number of clusters. In other experiments, the capacity of the patient seruim to stimulate cluster formation in an agar culture of phagocyte-depleted cells was studied (Fig. 1) . In further experiments, serum was also studied from another case of lung cancer which showed marked neutrophilic granulocytosis, presumably due to a similar pathophysiology. The number of clusters in the presence of the sera from these 2 patients with marked granulocytosis was strikingly greater than in the case of normal controls and of 3 patients with the lung cancer without granulocytosis.
Both tumour-cell extract and conditioned medium stimulated phagocytedepleted marrow cells to form colonies comparable in number to those formed by HPCM (Table II) phagocyte-depleted cells were cultured in a dish with 10% of the sample being assayed.
colonies or clusters were formed by the addition of the tumour extract or the conditioned medium of the hepatoblastoma described above. We transplanted small pieces of tumour tissue into nude mice. They grew up to a maximum weight of -300 mg after about 2 months. These mice developed marked granulocytosis ( > 600,000/mm3) in parallel with the tumour growth (Fig. 2) . The maximal WBC count reached 1,156,000/ mm3 with more than 950o mature granulocytes. After removal of the tumour, the WBC count decreased rapidly to the normal value (Fig. 2) .
In this patient we could not find any other disease like severe infection that might cause such a high degree of leucocytosis. Definite CSA was demonstrated in the tumour-cell extract or conditioned medium, both of which were effective on human phagocyte-depleted marrow cells. Their activities were comparable to that of HPCM, which is one of the most potent CSA in human marrow culture. Moreover, nude mice bearing this tumour showed overwhelming neutrophilic granulocytosis, recovering quickly after their removal. These results suggest that the tumour secreted CSA, causing granulocytosis in this patient.
Patient serum stimulated colony formation by the untreated marrow cells more than normal control sera. However, when we used phagocyte-depleted marrow cells as the target, only smaller cell aggregates or "clusters" were seen. The activity of the serum from this patient, and from another case of lung cancer with marked granulocytosis, in stimulating cluster formation was strikingly higher than the control sera.
Considering Metcalf's (1977) idea about cluster-forming cells our results may indicate several possibilities. The first possibility is that the CSA itself in the serum was too low to induce full-sized colony formation because of dilution in the total body fluid. The second possibility is that the patient's serum contained some factor(s) to stimulate cluster-forming cells instead of colony-forming cells, a possibility that must remain unsolved unless the factor to induce cluster formation can be physicochemically separated from 66 CSA. The third possibility that CSA is masked by some inhibitor(s) is unlikely since inhibitory factors with high and low molecular weight were supposed to have been eliminated from the sera by dialysis and centrifugation (Chan, 1971 and Chan et al. 1971) . The last possibility is that the patient's serum does not have CSA itself but possesses activities which appreciably increase the production of CSA through an interaction with human phagocytic cells (monocytes and macrophages) as suggested by Baker & Galbraith (1978) and Furusawa et al. (1978) and named as stimulating activity for CSF production (CSF-SA). Considering these reports and our results, it is possible that the tumour had CSF-SA, inducing granulocytosis through an increase in the production of CSF. The CSA detected in the tumour extract or conditioned medium could be produced through CSF-SA secreted by the tumour, because the tumour tissue might contain tissue macrophages.
In the present case, in spite of marked granulocytosis, the "feedback" mechanism by mature granulocytes (Shadduck, 1971) may not have worked, owing to the production of a continuous and autonomous stimulus by CSA or CSF-SA in relation to the tumour, even if the activity in the serum was not strong.
It is unlikely that the observed CSA or CSF-SA was an unspecific stimulatory activity of the tumour, since we could not detect the activity from the materials of the hepatoblastoma and the lung cancer without leucocytosis. Similar observations have been reported by Asano et al. (1977) and Sato et al. (1979) .
